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(54) FILTER APPARATUS AND METHOD OF FILTRATION 




(71) We, Industrial Filter & Pump 
Mfg. Co., a Coipoiation oiganised and exist- 
ing under the lam at the State of minois. 
United States d Amecka, of Main OfOces, 
Cicero, Illinois, United States of America, do 
hereby declare the inventicm, for wMdi we 
pray that a patent may be graioted to us, and 
the method by which it is to be p^onned, 
to be particukrly described in wd by tibe 
following statement: — 

The present invention relates to filter 
apparatus and to a mediod of removing 
sdids entrained in a liquid, and it more 
particolady rdates to a method and appar- 
atus for filtering liquids with filter demits, 
whidi apparatus includes means for disdiaig- 
ing filter cake from the filter dements. 

In filtering some relative^ thi(± liquids, 
such for example, as a liquid having from .1 
to 20 perc^t of volume of entrained solids, 
the filter cake composed of suspension solids 
accumulates on the filter dments. Thus, 
there is a problem of cleaning the filter eler 
ments in order to maintain ^ective opera- 
tion of the filter. In an attonpt to overcome 
this problem, a continuous sdf-deaning filter 
apparatus, which is disdosed m United States 
Patent 3,356,215, was devdoped. This type 
of filter apparatus indudes means for dis- 
charging the filter cake from a group of the 
filter dements in a continuous operation. 
Thus, while some of the filter danents are 
filtering the liquid, the remaining filter de- 
ments are being deaned. However, this type 
of filter apparatus is not entirdy satisfactory 
since the disdiarged filter cake can accumu- 
late on adjacent filter dements which are in 
the process of filtering the liquid thus im- 
pairing the effid^cy of operation of the 
filter. It would be hig^y desirable, therefore, 
to have a method and apparatus for filtering 
thick liquids and for deaning the filter de- 
ments to maintain effective operation of the 
filter without doging adjacent fflter dements. 

The present invention provide a filter 
apparatus for separating solids from a liquid 
in which they are entrained, comprising a 
tank having a vertically dongated filter 



diamber, said tank having an inlet and an 
outlet, a plurality of filtCT denents mounted 
in the upper portion of said chamber between 
said inlet and said outlet, means for dislodg- 
ing filter cake from all of said filter dements 
simultaneously for deaning purposes, where- 
by said dislodged filter cake falls to the 
lower portion of said dbiamber, a discharge 
port at the lower portion of said chamber for 
conveying discharged filter cake from said 
chamber, and density responsive means for 
controlling, in use. the discharge of said dis- 
lodged filter cake from said dianber via said 
disdiarge port in response to the density of 
liquid in the lower portion of the chamber, 

ig arranged 



said density re^K>nsive means oem 

to be inoperative to open said discharge ^rt 
during the dislod^g of said filter cake from 









till 



said filter cake. 

The preset invention also provides a 
method of removing solids entrained in a 
liquid, comiKising the ^s of establishing 
a flow of ^d liquid, and entrained 
solids mto the upper portion of a 
vertically dongated filter chamber and to a 
darified liquid outiet through a plurality of 
filter dements disposed in the upper portion 
of said chamber to deposit said solids in the 
form of fi3ter calms on ^d filter dements, 
tiiereafter initiating a filter d^ent deaning 
operation by interrupting said flow of liquid 
into said diaj 



and throu^ said filter 
dements, and then simultaneously discharg- 
ing said filter cakes from all of said filter 
dements while said filter dements are sub- 
mersed m liquid and add flow remains inter- 
rupted, permitting the discharged filter cake 
material to %ttie in said diamber bdow said 
filter dements while said flow remams inter- 
rupted and said filter dements remain sub- 
mer^ in said liquid, and after a suffident 
time dday to permit substantially all of said 
filter cake material to settie in said diamber 
bdow ^d filter dements re-establishmg said 
flow of liquid and entrained solids into said 
chamber and through said filter dments. 
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sensing the density iE said dbacba betow 
said filter demeats. and opemng an outlet 
near the bottom of said chamber to penmt 
the discharged filter cake mat^ from m 
5 bottom of ^d chamber to exit said chambff 

when said density exceeds a predrfenmned 
value, said outlet being majElained closed 
throughout said filter d&nsDt deamng opeia- 

tion. -J. 

10 An object of at least prefcrrea emoooi- 
ments of filter apparatus in accordance rail 
the present invention is to provide for dis- 
lodging filter cak& fix)m the filter demoits 
without causing the dislodged fite cate to 

15 accumulate or redeposit on adjacent fflt» 
dements or on the same element 

Briefly, the above stated object is at tost 
substantially realized by a preferred embodi- 
ment of the present invention comprising a 

20 filter tank having an elongated filter chamber 
in which a plurality of filter dements are 
mounted in the upper portion of the cham- 
ber, and means for periodically discfaargmg 
the filter cake from all of the filter dem^ 

25 simultaneously for deaning purposes. Tne 
lower portion of the tank is provided widi a 
valve-controlled discharge port whidi is 
operated in response to a density detector for 
sensing the density of the liquid in the lower 

30 portion of the chamber, and ^ch conveys 
liquid from the chamber when the density of 
the liquid in the lower portion of the chamber 
exceeds a predetOTnined value. Thus, the 
filter apparatus is periodically shut dom 

35 the filter cake removed, and the dislodged 
filter cake thi^ setfles throu^ the liquid in 
the chamber into the lower portion of me 
chamber. After a time dday, the dislodged 
filter cake is removed from tiie lower portion 

40 of the tank via the discharge port. 

For a better und^standing of the mven- 
tion r^erence wiU now be made by way of 
example to die accompanying drawmgs. 
wherein: 

45 Figure 1 is a schematic diagram or a iiiier 
apparatus in accordance witii the pres^it 
h^tion utilizing tubular-Qfpe filter de- 

"^H^ire 2 is a sdiematic illustration of 
50 another filter apparatus in accordance witii 
die present inveition which employs filter 

leaves: and . . 

Flgare 3 is a schematic illustration oi a 
further filter apparatus in accordance witii 
55 the present invention i^iidi anploys filter 
leaves 

Referring now to Figure 1 of the drawngs, 
tiiere is shown a filter system 10 which m- 
dudes a cjimdrically-shaped filter tank 12 

60 having a filter diamber 14 in which a plur- 
ality of tubular filter draiOTits lo are 
mounted. An inlet 18 and an outiet ^ we 
provided near the top of tiie tank 12. toe 
oudet 20 being connected to die filt^ de- 

65 mentsl6.Thetankl2hasaconicanyshaped 



bottom wall 22 ternunating in a caitrally 
disposed, lowennost drmna^ caning 



port 24 havmg a normally-dosed valve 26 in 



oE suitaole clamps, sucn as uic uoiuj^ 
to permit die tank 12 to be operated under 
pressure. A dischar^ port 28 in die bottom 
wall 22 conveys die sedimentation-«itrained 



liquid frOTi the tank 12 under the control of 
a valve 31 ^Msh is operated by density re- 
sponsive means comprising a density detector 
35 induding a sensing donent located m the 
lower portion of die chamber 14. When die 
density of die liquid in die lower portion of 
die diamber 14 exceeds a predetermmwi 
value of density, die detector 35 opens the 
valve 31 to pcannit die heavy liqmd at the 
bottom <rf the tank 12 to exit the chamber 14 
until die density of die Uquid in die dumber 
14 fails bdow a predetermmed value or 
density. When die deisity of die Uquid is 
bdow the last-maitioned predetermm©fl 
value, die drtector 35 doses die valve 31. A 
clarifying reservoir 41 indudes an inlet 43. 
an oud^ 45. and a stoping bottom waU 47 
wfaidi terminates in a sediment oudet 49, 
whereby die liquid to be filtered is fet 
pumped into die darifier 47 so diat solids 
^Dtrmned in die liquid can first settie to Ae 
bottom of die reservoir 47. In order to clarify 
die sediment in die reservoir 47, a J?^f ^ 
pumts die sediment fom die bottom of toe 
reseiTOir 47 via a line 54. which is provided 
widi a shut-off vahre 56 downstream of toe 
pump 52. to die inlet 18 erf d» tank 12 An 
Une 58 is connected todie oudet 20 to 
convey die fitote fxom die tank 12 to an 
oudet Ime 60 ^diidi is provided with a shut- 
off valve 62 and viiidi conveys die filtrate 
to a collection tank (not shown) or to a 
fiirdier stage of filtration. A Ime 64 k con- 
nected in fluid communication wito toe hne 
58 via a normaHy-dosed shut-off valve 66 to 
convey gas or air under pressure to toe filter 
dements 16 via die oudet 20 to force the 
filtrate downstream of die filter dements 16 
back dirouflji die filter dements 16 to dis- 
lodge die filter cake built up diereon. Before 
initiating operation of die filter 10 or after 
a filter cake deaning cyde of operation, a 
line 68. vfiddi is connected to the Ime 43 via 
a shut-off valve 71, «mv^ .tiie ffl^^^ 
toe reservoir 41 for re<mxariatmgdie filtrate 
die filter dements 16 until tbe filtrate teav- 
buUdmg up a precoat layer of filter cake on 
toe filter danents ol6 untfl die fil^Jfav- 
ing the tank 12 ' 



^es dear as viewed by 

^l^'of a si^t ^ 73 in die line 58. 

Considering now die tank 12 m gre^ 
detafl. a baffle 75 is mounted in die chamber 
14 opposite die inlrt 18 to prwent die hquid 
to be filtered from flowing directiy ag^ 
die adjacoit filter dmcait 16 opposite the 
inlet 18. so diat die incommg liquid to be 
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filtered is diverted away from the adjaceot 
filter elaneat 16 and spreads tiirougjiout th& 
chamber 14. TTie liquid to be filtered fills the 
tank and a portion of tiie dome-shaped cover 
5 27 to a level 77 at wbidi level the pressure of 
the air trapped in the cover 27 is equal to the 
pressure of fee liquid altering the inlet 18. A 
manifold 79 is disposed above the filter ele- 
ments 16 and communicates with eadi of the 
10 filter elements 16 and the outlet 20. 

In order to prev^ the air or other gas 
from entering the chamber 14 during a clean- 
ing cyde of operation, the total volume of all 
of the filter elements 16 and the manifold 79 
15 is equal to or preferably greater than the toted 
volume of the oudet pipe 58, a pipe 80 con- 
necting the valve 66 and the pipe 58, die 
sight glass 73, and a p^ 81 connecting the 
sifijht glass 73 and the outlet 20. As a result, 
20 during a deaning cyde of operation the air 
or gas from the pipe 64 forces the filtrate in 
the pipes 58. 80 and 81 and the sight gjass 
73 back through the manifold 79 and the 
filter d^ents 16 without entering the outlet 
25 20. An air bleed valve 83 is connected to a 
vent line 83A, which is connected in fluid 
communication with the cover 27. to vent the 
chamber 14 to the atmosphere prior to 
iniating the cleaning operation so tl^ when 
30 the air pressure acts to force the filtrate into 
the chamber 14 via the outlet 20, the pies- 
sure in the diamber 14 is atmospheric pres- 
sure. Also, in order to fadlitate the removal 
of the dislodged filter cake from the tank 12, 
35 a valve 83B connected between die vent line 
83A and the source (not shown) of gas or 
air may be opened during the deaning cyde 
of operation to aid in removing the GLta 
cake from the filt^ tank 12 by f ordng air or 
40 gas under pressure into the diamber 14 from 
above the donents 16. 

While most of the valves illustrated in the 
drawings are shown to be manually-opmted 
valves, it is to be understood that they can 
45 also be automatically-controlled valves. Id 
this regard, the valve 66 for the gas line 64, 
the inlet valve 56 and the outlet valve 62 
axe preferably automatic valves wtudi are 
opened in response to the dosing of the out- 
50 let valve 62 and the inlet valve 56, and vibidi 
are dosed after a predetermined time inter- 
val. This time interval is suffidentiy long to 
permit a suffident amount of the filtrate 
trapped between the valve 66 and the outi^ 
55 20, to flow into the oudet 20 and out the 
filter demits 16, and is suffidently sboit to 
prevent any of die gas fitnn entering the 
oudet 20. 

A spacer 82 having a plurality of upstand- 
60 ing pins 84 supports the filter dements 16 
from below. Connected in fluid communica- 
tion with the discharge port 28 is a pipe 86 
which extends in the lower portion of the 
diamber 14 through an opening in a 
65 conically-shaped baffle 88. and wbkh has a 



downwardly disposed distal end portion 90 
exfffltfjing below the baffle 88 to ensure that 
the thicker liquid is withdrawn from the tank 
12viathep%)e86. 

METHOD OF OPERATION 
In order to commoice the operation of the 
filter 10, the valve 56 for die inlet 18 and 
the valve 71 for the redrculation line 68 are 
opened, and the other valves are dosed to 
mmit the pump 52 to pump the liquid to be 
filtered from the reservoir 41 to the chamber 
14. ITie liquid to be filtered fills the tank to 
the levd 77 in the covct 27, at which levd 
the pressure of the air trapped in the cover 
27 is equal to the pressure of the liquid enter- 
ing the inlet 18. Li so doing, some of the 
liquid is pumped into die hollow filter de- 
ments 16 and out die oudet 20 via the mani- 
fold 79. The liquid leaving die tank 12 re- 
drculates via the line 68 to the pump 52 so 
that a layer of filter cake builds up on die 
exterior of the filter dements 16. The recircu- 
lation continues until the liquid in die line 58 
becomes dear as viewed throng the si^t 
fijass 73. at whidi time the valve 71 in the 
redrculation line 68 is dosed and the valve 
62 in the oudet line 60 is ppeoed to com- 
mence a cyde of filtering operation. 

During the filtmng cyd^ of operation, 
some of the entrained solids build up on the 
cake of the filter elsnents 16 while the 
heavier ones of these solids s^tie into the 
lower portion of the diamber 14 bdow the 
filter demits 16. Once die density of the 
liquid bdow the filter dements 16 iocreases 
beyond a predetermined value, die density 
detector 35 automatically opem die valve 31 
to permit a portion of die hquid in the lower 
portion of the diamber 14 to exit the tank 12 
via the pipe 86 until the doosity of the Hquid 
bdow the filter dement 16 falls bdow a pre- 
determined value, at which dendty the 
density detector 35 automatically doses the 
valve 3 L 

When the layers of filter cake on die filter 
dement 16 biuld up to a point whore the 
efficiency o£ operation of the filter 10 is im- 
peded, a deaning cyde of operation is 
initiated. The diidbiess of the filtra: cake can 
be detected by any suitable means, such as a 
diidcness detector in the chamber 14 or by a 
pressure detector ^diidi monitors the pres- 
sure of the fluid in the oudet line 58, but it is 
preferred to commoice a deaning cyde of 
op^ation of an of the filter dements 16 at 
periodic time intervals, such as every 20 
minutes, under the control suitable tinting 
means (not shown). 

In order to commenoe a deaning cyde of 
operation di soitaUe automatic control means 
(not ^own), the oudet valve 62 in the oudet 
line 60 is automatically dosed, and Ae inlet 
valve 56 is also automatically dosed. More- 
over, die valve 31 for the dischaigp port 28 
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is automatically locked in its closed position 
in response to the dosing of the inlet va^re 
56 or the outlet valve 62 so that the port 28 
does not empty the liquid from the tenk 12 
during a cleaning cyde of operation, whereby 
the filter denents 1 6 remain submerged at all 
times The valve 66 is then automatically 
opened to permit the gas under pressure to 
force the filtrate trapped between the j^ye 
66 and the outlet 20 bade mto the manrfold 
79 and out the filter demfflits 16 wilh<Mit 
havmg the gas mter the outlet 20 so that the 
filter cake on the exterior of the filter de- 
meats 16 are dislodged therefrom- The sys- 
tEm 10 thai remains shut down for a givai 
time dday, such as tiiree minutes, to penmt 
the dislo4ed filter cake soHds to s^e into 
the lower portion of the diamber 14 bdow 
the filter dement 16. After the time ^7*^ 
recirculation cyde of operation is commeaoed 
to build up a fresh filter cake on the filter 
danents 16. Thereafto:. the system 10 is 
returned to the Ime, the valve 31 is auto- 
matically unlocked, and the density detector 
35 thai opens the valve 31 to permit the 
sedimentation-entramed Hquid or sludge to 
be withdrawn from the tank 12 ^ the dis- 
diaigp port 28 until the density of the hqmd 
m the tank 12 falls bdow a predetenmned 

value of density. ^ ^ - i. 

Rderring now to Figure 2, there is shorn 
a filter systm 100 whidi is similar to the 
filtCT systan 10 except that the filter swtem 
100 utilizes filter leaves mstead of tubular 
filter demoits. The system 100 indndes a 
oOindrical filter tank 102 having an don- 
gated diamber 103 and having an inlet 104 
Sdan outlet 106 . A plurality of filter leaves 
108 are mounted in spaced-apart rdation^p 
in the diamber 103. and a baffle 109 is dis^ 
posed m the chambo: 103 near the mlet 104 
toprevent theliquid to be filtered from flow- 
ing direcfly a^mst die filter leaves 108. Tlie 
tmk 102 has a conically shaped bottom waU 
111 termmating in a lowermost dr^nage 
opening 113 havinjg a noimaBy dosed dram- 
a^lilve 115. A disdiaige port 117 m the 
bottom waU 111 conv^ the sednnoitation 
from the bottom portion of the diamber lUi 
via a pipe 119 which ext^ds through a 
conicatfy-shaped baffle 121 m die same man- 
ner as the pipe 86 in the baffle 88 of Figure 
1 A valve 123 wMdi controls the outlet port 

117 is controlled by a density response 
means comprismg a density detector 125. 
yiMdh is similar to the density detector 35 of 

^^A^er 127 is damped m place on tl^ 
tank 102 by means of adtaUe dssaps, sudi 
as tiie clamps 129. so that the filter 100 can 
be operated above atmospheric pressure. A 
vent line 130 extends outwardly froni the 
cover 127 and cammunicates with the cham- 
ber 103 to pranit the tank 102 to be sub- 
stantially filled wiA Kqoid. and after filling. 



a ftoal-type vail valve 131 m the vent line 
130 doses autonmticaBy in response to the 
hquid m the tank 102 to permit above 
afinospheriopressurc operation. A pump 132 
pumps the Bcnnd to be clarified from a 
darite resHVoir 134. wtkh is similar to the 
reservoir 41 of Figure 1. via a line 136 having 

a shut-off valve 138 to the uto 104 of the 
tank 102. A Ime 139 urtiich is connected m 
fluid communication wifli the onto 106 con- 
veys the filtrate to an outlet Ime 140 viaa 
shut-off valve 142. mfle the shut-off valve 
142 is shown to be a manuaUy-operated valve 
for illustralion purposes m the drawings, it 
is to be understood that the valve 142 and 
many of the other valves of the system 100 
are preferably automatically - contioUed 
valves. In order to bufld up a filter cake on 
the filter leaves 108 by redrculaHog the fil- 
trate from the oudet 106 to the mlet 104, a 
line lU is connected from the Kne 139 via a 
shut-off valve 146 to the reservon: 134 m tiie 
same manner as the line 68 of Figure 1. For 
the purpose of deamng the filter Iwes 108. 
a bar 148 is ri^dly connected to me upper 
portions of the filter leaves 108 and extends 
througji an opening in die tank 1^ to an 
hnpactor 151 located extcmalty of ^^^nk 
102 for nnpacting the filter toves 1C» to 
dislodge die filter cake therefrom penochc- 
ally A hi^ speed reciprocatory unpactmg 
device, which may be used as die m^actor 
151 is disdosed m United Stales PMent 
3^12,643. A manifold 153 is connected in 
fluid communication widi the bottom aid 
portions of the leaves 108 and the ouflet 106. 

In operation, in order to buM up a filter 
cake on die filter leaves before c omm e aicin g 
a filtering operation, the ouflet valve 142 is 
automatically dosed and the recux»Iatn^g 
valve 146 and die inlet valve 138 are auto- 
matically opened to permit the pump 132 to 
pump die Uquid to be filtered into tte tenk 
102 to substantiaUy fiH it to die levd 154. at 
which levd die vent valve 131 automatically 
doses. During die filling opwation. die hqmd 
enters die filter leaves 108 and is cmveywi 
>aa die manifold 153 and die Ime 139 to to 
redrculatmg line 144. Once die hqmd m tte 
line 139 becomes dear as viewed dirough die 
siditdass 147, die valve 146 in die reorculat- 
iS^lme 144 is dosed, and die oufl^ valve 
142 is dim automatically opoied m die ouaet 
Ime 140 to permit die filter 100 to comm«ice 

a filtering cyde of operation. 

For die purpose of deaning the filt^ leaves 
108. a deaning cyde of operation is cwn- 
moiced to dean all of die leaves sunidton- 
eously. In diis regard, die oudet valve 142 is 
automatically dosed, and dim die mlet yahre 
1 38 m line widi die inlet 1 04 is automaticalJy 
dosed. The valve 123 for die dischargp port 
117 is automatically lodced m its dosed 
position to aisure diat die filter leaves 108 
^lam submerge during die deaning 
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operatioiL Hie impactor 151 then impacts 
afi of the filt^ leaves 108 simultaneoiisly 
to dischai^gp the filter cake from aU of 
the leaves 108. The dislodged filter cake then 
5 setdes in the liquid in the tank into the lower 
portion thereof below the Sita leaves 108. 
After a suffident time delay, such as fnHn 
one to three minutes, the liquid to be filtered 
is recirculated to bufld up a fresh filter cake 

10 on the filter leaves 108. Thereafter, the filter 
system 100 is returned to die line for another 
filtering cyde of operation^ and the dischaiige 
valve 123 is automatically unlocked to per- 
mit the density detector 125 to open die valve 

15 123 to disdiarge the sedimentation-eDttaiaed 
liquid or sludge from the lower portion ot 
the chamber 103. 

Referring now to Figure 3, there is shown 
in schematic form another filter Systran 200 

20 which includes a cylindrical filter tank 202 
haidng an elongated chamber TM provided 
with an inlet 206 and an oudet 208. A 
plurality of filter leaves 211 are mounted 
m spaced idationship in the chamber 204 

25 betwe^ die inlet 206 and die oudet 208. 
Disposed widiin the chamber 204 and com- 
municating with the inlet ^6 is an Lrshap^l 
pipe 213 ^di has its exit end directed up- 
wardly away from the filter dements 211 so 

30 diat die liquid to be filt^ altering die 
inlet 206 does not flow direcdy against the 
filter leaves 211. As shown* the tank 202 has 
a conically shaped bottom wall 215 tcnninat- 
ing m a lowermost drainage port 217 con- 

35 nected to a dramage valve 219. Dainty re- 
sponsive means compriang a density detector 
222 similar to die density detector 35 of 
Figure 1 controls the valve 219. 
A cover 224 is damp«l in place on the 

40 tank 202 by means of smtable damps sudi as 
the damps 226 i»^ereby the filter 200 can be 
operated at a pressure above atmospheric. A 
vent line 228 extends outwardly from the 
cover 224 and c(»nmunicates with die cham- 

45 204 to op^ it to the atmosphere during 
filling of the tank 202 so diat the tank 202 
can be substantially fiUed with liquid and a 
flow type valve 231 in the vent line 228 doses 
automatically in response to the liquid there- 

50 in whereby to seal die chamber 204 during a 
filtering t^e of operation. A pump 233 is 
provided for pumping the liquid to be filtered 
from a darifier reservoir 235, which is similar 
to the reservoir 41 of Figure 1, via a line 237 

55 and a shut-off valve 239 to die inlet 206. In 
order to convey the filtrate from the tank 
202, a line 242 communicates widi the oudet 
208 and is connected in fluid communication 
with an oudet line 244 via a shut-off valve 

60 246. For illustration purposes, the shut-ofi[ 
valve is shown to be a manually operated 
valve, however it will be understood by those 
skilled in the art that the valve 246 and many 
of the other valves of the system 200 are 
65 preferably automatically controlled valves. A 



85 



return line 248 is connected between the line 
242 and the darifier 235 by a valve 250 pri- 
marily for recirculating the filtrate from die 
oudet 208 to the inlet 206 during die prdUt 
cyde. In order to <^an the filter leaves 21 1. 70 
a bar 252 is rigidly comiected to the upper 
portions oi the filter leaves 211 and sealably 
ext^ds throu^ an opening in the tank 202 
to a vibratory unpactor 254 located exter- 
nally of the tank 202 for impacting the filter 75 
leaves 211 to dislodge the filter cake diere- 
from periodically in the same manner as the 
mipactor 151 dislodges die filter cake from 
the leaves of the filter 100. A valve 256 in a 
vent line 258 to die cover 224 is opened 80 
during the deaning cyde of operation to re- 
duce the chamber pressure to atmospheric 
pressure to the diaphragm seal to the 
vibrator 254. 

A cake thidmess d^ector 263 is disposed 
widiin die chamber 204 adjacent the filter 
leaves 211 for the purpose of initiatmg a 
deaning cyde of operation when the thick- 
ness of the fitter cake on the filter leaves 
exceeds a predetermined dddmess at whidi 90 
time the cake thickness detector control de- 
vice 265 responds to the cake thickness 
detector 263 to commence the dearung cyde 
of opearation. A pipe 267 is connected to a 
source (not shown) of pressurized air or gas 95 
via a valve 269 and extends into the chamber 
204 so that the exit end thoeof is directed 
toward the cake thidmess detector 263. 
^diereby iniien die valve 269 is q)ened air is 
directed against the cake thidmess detector 100 
263 to dean it 

In order to &dlitate the r^oval of the 
filter cake vMch settles toward the bottom 
of the tank 202, a motor driven wand 271 
is joumaled for rotation att he discharge port 105 
217 and is driven by an dectric motor 273 
which has an output shaft drivingly con- 
nected to the wand 271 by a bdt or chain 
275. The wand 271 indudes a vertical por- 
tion 271A whidi sealably extends througji HO 
the bottom of the tank and a main portion 
271B ^^lidi extends dose to and Hes paralld 
to the bottom of the sloping bottom wall of 
the tank 202 so that the scraper wand 271 
can agitate the heavy mud at the bottom of 115 
the tank to fadlitate its r^oval throug}i the 
discharge port 217. 

A pair of si^t ports 277 and 279 in the 
side wall of the tank 202 are vertically spaced 
one above the other to permit viewing of the 1^ 
material in die tank. As shown, the ports 
277 and 179 are disposed above and hdow 
die density detector 222. 

In operation, in order to build up a filter 
cake on the filter leaves 211 before com- 125 
mmdng a filtering operation, the oudet valve 
244 is dosed and the recirculating valve 250 
and the inlet valve 239 are automatically 
opened to permit the pump 233 to pump the 
liquid to be filtered into the tank 202 to 130 
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substantially fill it In tbis repid^ at tbe 
hff ginning of the filling opoation the vent 
valve 231 is open, and when the liquid rises 
in the tank 202 to fiU it. the vent 231 is auto- 
5 matiadly closed by the liquid. During the 
filling operation, die liquid entos the filter 
leaves 211 and is conveyed via the manifold 
261 and the line 242 to the recirculating line 
248, Once the Ikjuid in the line 242 becomes 

10 dear as viewed throng a si^t glass 282, the 
valve 250 is closed, and the outlet valve 246 
is then opened in the outlet line 244 to per- 
mit the filter 2(M) to commence a filtering 
cycle erf operation. 

15 For the purpose of deaning the filter leaves 
211. a cleaning cydt of operation is com- 
menced to dean all of die leaves simul- 
taneously. In this regard, the filtering cyde 
of operation is termmated in response to the 

20 cake thickness detector 263, or, altramtivdy, 
after a predetermined interval of time. In 
order to pr^>are for the deaning cyde of 
operation the mlet valve 239 and the outlet 
valve 244 are dosed, and the valve 269 is 

25 opened to supply air under pressure to the 
air spaige line 267. Hiereafter the vent in the 
valve 256 is opened to permit the air in the 
diamber 204 to decrease to atmospheric 
pressure. Afto* approximatdy a five-second 

30 time dday. the impactor 254 vibrates the 
filter leaves 211 for approximately ninety 
seconds to disdiaige the filter cake'from the 
filter leaves 211. Thweafter, die impactor 
254 is turned off and the vait valve 256 is 

35 dosed. Thereupon, the inlet valve 239 is 
opened and the drive motor 273 is energized 
to drive tie saaper wand 271. At the same 
time, the den^ detector 222 responds to 
die increased density resulting from the cake 

40 discharged from the filter leaves and causes 
the valve 219 to open so that the heavy mud 
can flow from the discharge port 217. Hie 
wand 271 continues to slougji the sedimenta- 
tion or sludge in die bottom of die tank 202 

45 for approximatdy tiiirty to sixty seconds. 
Thereaft^. die motor 273 is de-energized to 
stop die rotation of die wand 271. The valve 
219 is subsequendy dosed by die densi^ 
d^ector 222 or, altemativdy, die valve 219 

50 can be time-controlled. After a sufficient 
time dday, sudi as from one to tiiree 
minutes, die liquid to be filtered is redn^- 
lated to build up a fresh filter cake on die 
filter leaves 211. Thereafter, die filter 200 is 

55 returned to the line for anodier filtering cyde 

of operation. If desired, die motor 273 may 
be direct^ controlled by die soasor 222 so 
as to drive die wand 271 only \^ die mud 
in die bottom of die tank 202 is at a deptii 
60 vAerdn the drain valve 219 is op^ied. 

WHAT WE CLsAM IS:— 

1, Filter apparatus for separatipg soU^ 
from a liquid in which diey are oitrained. 
comprising a tank having a verticafly don- 



gated fitter chamber, said tank havmg an in- 
let end and an outlet, a plurality of filter 
dements mounted in the upper portion of 
said diamber between said inlet and said 
oudet, means for dislodging filter cake from 
all cf said filt^ dements simuhaneously for 
deaning purposes, whereby said dislodged 
filttf calK Ms to the lowi^ portion of said 
diamber, a discfaaige port at die lower por- 
tion of sud diamba for conveymg dis- 
charged filter cake from said diamber, and 
density responave means for controllmg, m 
use, the disdbaige of said dislodged filter 
cake fsxm said chamb^ via said discharge 
port m response to die density of liquid in 
the lower portion of die diamber. said 
doisity responsive means bein^ arranged to 
be inoperative to open said discharge port 
during die dislodging of said filter cake from 
said filter dements wfaerd>y the discharge 
port rmains dosed during the dislodi^ of 
said filter cake. ^, _ , 

2. Filter apparatus accotduig to daun 1, 
wherein said deossSy lesponave means in- 
dudes a soising dement disposed in the 
lower portion of said diamber. wheret^, m 
use. when the density of die liqmd in die 
lower portion of said chamber exceeds a first 
predetermined value, said densi^ reroonsiw 
means permits liquid from the tank to be 
convey^ from die tank via said dischaigp 
port until die density of die liquid in die ta^ 
decreases bdow a seomd predet^mmed 
value. 

3. Filter apparatus accordmg to daim 2, 
wherdn said density responsive means cwn- 
prises a valve in line widi die disdiaige port, 
and a denaty detector having swd soising 
dement for controllmg die opcratkm <rf said 
valve. 

4. Filter apparatus according to daims 1, 
2, 3 or 4, ^erdn said filter donents are 
tubular filter demoits. and furdier including 
a manifold mounted in fluid communication 
widi said outi et and communicating with eadi 
of ^d filter dements, and deanmg means 
sdectivdy connected m fluid communication 
widi said oudet for fordng a given amount 
of die filtrate under pressure into said outict 
to dislod^ Slid filter cake from said tubular 
filter demmts during a deaning cyde <OT 
opaation by revise flow of Uquid dirougi 
said filter demits. , - „ 

5 Filter apparatus according to daim 4, 
wherein s^d deaning means indudes a con- 
duit connected in fluid communication with 
said oudet extemafly of said tank, and flmd 
supply means connected to fluid commumca- 
tiOT widi said conduit for supplying sdec- 
tivdy fluid under pressure to said conduit 
and dius to said tubular filter denents to 
force said giv^ amount of filtrate into said 
oudet to dislodge filter cake from said 
tubular filter dements during a deaning 
cydeof operatii 
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6. FUter apparatus according to daim 1, 
i^iein said filter elemmts are fillBf leaver, 
said filter leaves being connected in fluid 
communication with a manifold and being 

5 ri^dly connected to a common bar, said 
inanifold being connected in fluid com- 
munication with said outlet, and furdier 
including impacting means connected to said 
bar for imparting said filter leaves to dis- 

10 charge the filter cake therefronL 

7. Rlter apparatus according to any pre- 
ceding claim, further induding a rotatably 
mounted wand member extending into the 
lower portion of said member, and means for 

IS rotating said wand member to prev^ an 
accumulation of said discharged filter cake 
in the lower portion of said chamber. 

8. Filter apparatus according to any pre- 
ceding claim, further induding cake dilckness 

20 detecting means for initiating a deaning cydQ 
of operation in response to the thidmess of 
the filter cake exceeding a predetermined 
value. 

9. Filter apparatus substantially as herdn- 
25 before described with reference to and as 

shown in the accompanying drawings. 

10. A mediod of runoving solids entrained 
in a liquid, comprising die steps of establi^- 
ing a flow of said liquid and entrained solids 

30 into the upper portion of a vertically don- 
gated filter diamber and to a clarified liquid 
outlet through a plurality of filter d^nents 
disposed in the upper portion of said cham- 
ber to dqxisit said solids in the form of filt^ 

35 cakes on said filter dements, dieieafter 
initiating a filter dement deaning operation 
by interrupting ^d fiow of tiquid into said 
chamber and througli said filter donenls, 
and then simultaneously disdiarglng said 

40 filter cakes from all of said filter elements 
while said filter dements are submersed in 



liquid and said flow rmains interrupted, 
pemutting the disdiarged filter cake material 
to settie in said diamber bdow said filter 
dements wliile said flow remains interrupted 45 
and said filter dements r^nain submers£»l in 
said liquid, and after a suffident time delay 
to pennit substantially all of said filter cake 
material to settie in said chamber below said 
filter dements re-establishing said fiow of 50 
liquid and mtiained solids into said chamber 
and through said filter dements, sensing the 
density in said chambex bdow said filter 
dements, and opemng an outiet near the bot- 
tom of said chamber to permit the discharged 55 
filter cake material from the bottom of ^d 
chamber to exit said diamber ^en said 
density exceeds a predetermined value, said 
outiet being maintained dosed throughout 
said filter dement deaning operation. 60 

11. A method according to daim 10 com- 
prising die further step of maintaining the 
pressure in ^d diamber at substantially 
atmospheric during the disdiarge of said 
filter cake from said filter d^ents. 65 

12. A method according to daims 10 or 
11, ^nlierein said filter elemmts are filter 
leaves and said step of dischargiog said filter 
cake firam said filter dements is carried out 

by redprocally moving said filter leaves in 70 
the liquid in which tibey are immersed. 

13. A method of r^oving solids entrained 
in a liquid, substantially as herdnbdEore des- 
cribed with referraioe to the accompanying 
drawings. 75 
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1341138 COMPLETE SPECIFICATION 
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